One currently observes many healthcare institutions rushing to reengineer and install information systems with the expectation of achieving enhanced efficiency, competitiveness, and, it is hoped, higher patient satisfaction resulting from timely, high-quality care. Unfortunately, information system concepts, design, and implementation have not yet addressed the complexity of representing and managing clinical processes. As a result, much of the synergy one might expect to derive from understanding and designing clinical processes to gain efficiency and quality while maintaining humanness is not readily achievable by implementing traditional information systems. In this presentation, with laboratory services as an example, we describe a conceptually different information systems model, which we believe would aid care-givers in their efforts to deliver compassionate, quality care while addressing the highly competitive nature of market-driven healthcare.
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The economic metamorphosis occurring in the healthcare industry will produce substantial changes in the delivery of medical and diagno8tic services by the end of this decade. The primary economic force behind these changes is a market-driven rush to managed care with negotiated fee schedules and eventually capitation of reimbursement for each covered life. The majority of institutions engaged in the business of healthcare lack detailed knowledge of the actual cost and institutional processes required for its delivery and, in addition, possess ineffective mechanisms for controlling costs because of the traditional separation of the healthcare delivery system and the medical practitioners who define resource utilization for the healthcare processes.
A parallel technological revolution in communications and computing will significantly expand and presumably improve our ability to respond to the challenges posed by the precipitous restructuring of the healthcare delivery system. The use of information technology would ideally address, among other things, our need to dynamically manage process and leverage the value of information at all points in the delivery process, regardless of where it is obtained. Taking a page from the business world, we might call this "information in time." Timing and the accessibility of information are crucial, given that the predominant value of diagnostic services is informing, and thus enhancing, medical decisions. However, in addition to the traditional goals of data capture and distribution and presentation of information, future information systems must be capable of process or workflow representation and management. Dynamic process management is essential for optimal resource utilization and quality-monitoring systems, especially in a complex healthcare network.
To achieve an improvement in healthcare delivery, one must have a thorough understanding of clinical processes and of the information technology and systems required to support dynamic execution and maintenance of these critical processes. A problem or diagnosis is typically associated with resource requirements and a set of services including nursing services, clinic visits, medication administration schedules, and diagnostic studies, some or all of which must be completed to bring closure to an encounter or a problem or to manage the care of a patient with a given diagnosis. If we assume that clinical practice guidelines (PGs) will provide the canonical or, at least, the consensus version of the resources and processes required to manage a given problem or diagnosis, then these high-level descriptions define and, when invoked, initiate a complex set of interdependent tasks, referred to here as Clinical Proces8es.2
For the healthcare domain, a Clinical Process is defined as a set of processes that support the medical care necessary for the treatment and (or) management of an acute or chronic disease, and the defined policies (aspects of practice guidelines) required to achieve specific clinical objectives-including both manual processes and (or) workflow processes. Workflow may be defined as activities involving the coordinated execution of multiple tasks by persons or systems (computers, robots, etc.). Workflow description requires specification of the individual tasks, but just as importantly, the relationships between tasks-sometimes referred to as routes, rules, and roles-must be maintained for the successful completion of the process. We will distinguish here between workflow (the computerized facilitation or automated component of a process) and manual processes (the manual or person-dependent process steps required for the completion of a process). advantages of using such a system for managing patients' charts in a hospital setting (7).
To support the complex and interdependent processes associated with even a simple encounter requires Global Process Management Systems (GPMS) capable of actively managing patient encounters-actively, meaning negotiation of service provision; status checks based on defined time dependencies; notifications of delays either before occurrence, based on limited resources, or at the time of occurrence; scheduling of future visits or services, etc.-through communication and coordination with departmental information systems or human agents. Although vendors now market enterprise-wide scheduling systems, those applications are relatively primitive and do not begin to address the complex process management issues required to achieve the goals discussed here. Supporting departmental information systems must be developed to manage processes and be made capable of patient-or clinic-specific process status analysis and reporting both for service-specific alerts and for negotiation and synchronization with globally managed process pathways. For example, essential elements of both a GPMS and the supporting departmental information systems would incorporate process modeling and simulation tools for dynamic planning and modification of process models and production systems.
For the purposes of this presentation, we will focus on the description of an LIS architecture to meet the process management paradigm.
LIS redesign is presented in relation to an enterprise system architecture.
Aspects of several scenarios are provided to illustrate the application of such a system.
Diagnostic
Service DeIlve,y: Laboratory
Testing
Consider the following scenario: A patient is referred to a pediatric endocrine specialist on the basis of clinical observations and initial laboratory testing performed by a pediatrician, both of which indicate a high probability of incipient diabetes, type 1. The pediatrician is a member of a primary-care clinic associated with a tertiary-care facility, both of which are integral components of a healthcare network.
Our assumptions underlying the management depicted in this scenario include the following: All information, including the referral request and results from prior laboratory testing collected at the remote clinic, are accessible to the pediatric endocrine specialist, diabetic nurse educator, dietician, and admitting staff of the specialty clinics associated with the hospital. These data, appropriately coded, are sufficient to specifr a PG and the necessary resources and services for the pending visit. Moreover, it is desirable to accomplish all activities necessary to complete the encounter with the patient during a single clinic visit, including provision of adequate and appropriate time for patient--physician interaction. This particular goal is desirable if one can achieve economy in time, for both the provider and the patient, without reducing the quality of the encounter, e.g., attention to detail and completion of all the necessary aspects of the visit, including necessary education, personal communication with the patient, and so on.
Given the goal for this scenario, it is clear that the laboratory findings should be available before or during the time the physician sees the patient. For the appropriate laboratory results to be available "in time," collection and diagnostic testing must be scheduled in conjunction with the clinic appointment, a predefined testing algorithm must be available to direct the testing process, test results must be immediately communicated directly to the physician, and immediate corn-munication of new test orders as part of a discharge plan must be a coordinated and dynamically managed to make this scenario feasible.
An additional benefit derived frorn achieving this goal is minimization of the resources required to complete an encounter after the patient leaves the clinic. The information requirements alluded to above stress the value of PGs for planning and implementing effective and efficient clinical processes.
A high-level process map for this scenario (Fig. 1 In a traditional hospital environment processesand priorities in these domains arenot tightly linked.
Laboratory Workftow Management Systems
In the example at hand, laboratory studies constitute a subprocess that must be completed within known temporal constraints defined by the goal(s) of the primary or clinical process. The proposed components or modules of an UIS capable of managing processes are discussed below. The basic functional issues are not unique to an UIS; however, design constraints would necessarily be distinct for that system.
Process Mapping and Simulation Modeling
Dynamic management of a process, that is, definition, implementation, monitoring, and dynamic revision, is an essential capability for a replete workfiow system. Independent system-simulation modeling tools for process optimization are becoming available and should provide the ability to test and refine laboratory operations via simulation, obviating the need to rely solely on pilot projects that consume time and resources (8) . Optimally, this tool, and others required to automate process management, would be provided as an integrated component of the suite of modules making up an LIS. The tool should provide for process mapping and simulation, allowing high-level displays as well as definition of complex interdependencies for separate tasks, variables for each task, goals for a process, etc. Once created, the simulation would be available for ad hoc "what if' testing on the basis of changing input (e.g., number of samples per shift), resources available for a given task, and so forth. Selective monitoring of processes, including component tasks, would not only provide for a more efficient and effective management review of operations, but also provide statistical information derived from the data to dynamically update the values assigned to variables associated with a given task or process. Monitoring and data acquisition could be established for a batch or a single specimen.
In the current scenario, we are interested in the time required to complete the entire algorithm defined by the PG and not a single test. A typical algorithm for this PG might specify measurement of fasting glucose and urine and (or) blood ketones. If the results of one or more of these tests were positive, then measurement of glycohemoglobin would be performed.
Control Mechanisms and Scheduling and Monitoring

Systems
Today's LIS provide rule-based systems for automating some aspects of process management.
Obviously, the degree of automation described for process management above is heavily dependent on some form of decision-support system. Although rules may serve in some instances, neural nets and genetic algorithms may be more appropriate for other aspects of process analysis and optimization.
For example, a genetic algorithm would be preferred for task coordination where a combinatorial problem must be solved for a maximal or minimal result. Logical combination of these control mechanisms would provide the highest degree of efficiency when designing and evolving complex process models. Limited functionality addressing these issues has been described by a group in the Netherlands (9). Their application focuses on internal laboratory capacity planning.
Ultimately, the rules or logic defining decisions, nodes, and alternative pathways should be imbedded in the semantics and workflow model supported by the system.
The GPMS would require date, time, and capacity estimates provided by the US and other systems so as to negotiate an appropriate patient itinerary. The US would require that a specific PG or order set be submitted by the GPMS for each service request, which, in turn, would define the time required for completion of this set of subprocesses. USServer grated and capable of processing data from actual events related to task initiation and completion, e.g., specimen arrival verification, initiation of analysis, receipt of initial result, and verification of results. Failure of quality-control testing in a given batch may be included as a factor that increases the probability of delay and thus would require methodologies for revising the event and process map connections, in addition to the process tasks and interrelationships.
LIS Architecture
Extensions of the traditional US suite of modules based on the prior discussion are shown in Fig. 3 . This presentation is not intended to address design issues related to the traditional functional modules, although the LIS database is represented here as two compartments with different data models. 3 The component systems shown in Fig. 3 would be required to implement automated workfiow or process management. Data developed by the process simulation model would be stored and accessible for workload capacity planning and ultimately for personnel scheduling. The control systems would use capacity estimates and guidelines to negotiate patient scheduling with the GPMS. In addition, if a clinical process management plan included home healthcare visits, where specimens are collected and returned for testing within the laboratory, notification of expected work and estimated time of arrival could be sent to the US control system via the GPMS. We assume here that asynchronous wireless communications are supported between the home healthcare provider and the GPMS for a given institution.
Historical data, such as epidemiological information, discharge diagnosis, etc., could be retrieved from the LIS database or other enterprise systems and analyzed for the purposes of workload capacity planning. This would be particularly useful for workload that varies on a seasonal basis, e.g., viral culture, rapid viral tests, and microbiological cultures for evaluation and treatment of lower respiratory disease during the winter months.
Clinic Practice Guideline: Process Revision
The following scenario describes the revision of laboratory processes secondary to the implementation and subsequent revision of a practice guideline for bronchiolitis. The laboratory work specified in the PG includes an enzyme immunoassay (EIA) and tissue culture for respiratory syncytial virus (RSV) on day one of admission.
A review of clinical practice patterns has demonstrated that if the use of antiviral drugs (ribavirin) are limited to only high-risk patients with positive laboratory findings for RSV, the average cost per case with respect to this therapeutic option could be substanInformation related to ongoing operations, processes, workload, etc. should, in fact, be stored and managed separately from clinical data, which have unique access and archival requirements relative to operational data.
LIS Database Clinical
Operations Process Models/Data Fig. 3 . Proposed extensions to traditional LIS. retaining standard modules including clients, server, and logical database elements. The rule set for test processes associated with the PG for bronchiolitis would be created and managed by the US control system (see Fig. 2) . A new process would be modeled and simulation testing would be done with use of performance parameters for the individual tests and prior workload associated with RSV EIA. In this example, data would have to be evaluated for each month, given the extreme variation in prevalence of this virus. Staffing requirements would be estimated on the basis of the results of the simulation.
These data would be passed to the Workload Capacity Planning and Sched- With regard to unplanned encounters, such as a patient seen in the Emergency Center for acute bronchiolitis, historical data that define the prevalence of a given organism or disease and the admitting and discharge diagnosis along with acuity information can be used to gauge the service capacity required to address the needs of these patients.
Advantages of Process-Focused Management and
Information Systems in Healthcare
As is often the case with the unplanned, unanticipated changes, the transformation of healthcare delivery will probably produce both desirable and undesirable outcomes. The reorientation of our focus from a fee-for-service, function-oriented business to a commodity, process-directed business has the potential to produce several benefits, including: 1) Increased patient satisfaction through reduced waiting time and duration of encounter, and completion of the encounter, including consultation and education, on the basis of all pertinent findings during a single visit (laboratory and other diagnostic service results).
2) Improved continuity and quality of care through availability of information in advance or in time for medical decisions relating to therapy, consultations with other specialties, etc.
3) Decreased cost of care through a reduction in the number of visits, phone calls, letters, etc., now required to complete the management of a problem(s) or an encounter; reduced duplication of orders or of necessary testing that might be done "just in case" because of lack of availability of results at time of encounter. These benefits can be realized as a consequence of realigning institutional and departmental resources in light of optimized Clinical Processes. The proposed conceptual change in management strategy is predicated on information systems designed to facilitate its execution. Manual methods of communication and process coordination would severely limit the scale in which one might successfully implement this approach (i.e., realize the expected benefits 
